Introduction
In the era of person-centered medicine, it is commonly accepted that informed patients have better health outcomes. 1, 2 Studies in the CKD population suggest that educational interventions can improve patient outcomes such as reducing hospitalizations, delaying CKD progression, and improving uptake of home dialysis therapies. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] However, the delivery of effective education on the various aspects of kidney disease in everyday clinical practice can prove challenging due to multiple barriers. 13 Studies have found that knowledge of disease status in patients with CKD is low. 14, 15 The National Health and Nutrition Examination Survey, administered to a representative sample of the U.S. population, found that only 22% and 45% of respondents with CKD stages 3 and 4, respectively, were actually aware of their kidney disease diagnosis. 14 Furthermore, patients followed in a nephrology clinic in the United States were found to have low-to-modest perceived and objective kidney disease knowledge when administered surveys on various aspects of kidney disease. 16, 17 A Canadian study performed several years ago that asked patients followed in a nephrology clinic to rate their knowledge on various aspects of kidney disease found that approximately one-third of respondents reported no or limited understanding of CKD and no awareness of treatment options. 18 Currently in Canada, patients with advanced CKD (estimated glomerular filtration rate [eGFR] < 30 mL/min/1.73 m 2 ) are often followed in multidisciplinary clinics, with education on various aspects of kidney disease being a key component of the care delivered in the clinic. However, kidney disease knowledge of patients followed in multidisciplinary clinics is not routinely evaluated. To inform educational practices, we performed a cross-sectional survey study of patients with advanced CKD followed in an academic multi-care kidney clinic (MCKC). Our primary objective was to determine the objective and perceived kidney disease knowledge using previously validated surveys. 16, 17 We hypothesized that both objective and perceived kidney disease knowledge levels would be low and that lower income level, lower educational attainment, and lack of renal replacement therapy (RRT) modality education would be associated with lower knowledge levels.
Materials and Methods

Design and Setting
We conducted a cross-sectional survey study that enrolled patients from a MCKC at one academic center (St. Joseph's Healthcare, Hamilton) in Ontario, Canada. The MCKC provides multidisciplinary care to adult patients (≥18 years of age) with advanced CKD defined by an estimated risk of kidney failure >10% over 2 years, as determined by the Kidney Failure Risk Equation or an eGFR <15 mL/min/1.73 m 2 . 19 A nephrologist, nurse, dietitian, social worker, pharmacist, and diabetes nurse educator provide integrated care to the patients followed in the clinic. The nephrologist, nurse, and pharmacist see patients at each visit; other health care providers see patients on an as-needed basis. Patients are generally seen every 3 to 6 months, but are often seen more frequently when approaching kidney failure or when experiencing a high degree of complications or symptom burden. The focus of the clinic is to manage CKD complications, prevent CKD progression, and prepare patients for RRT. 20 Patients receive education on the functions of the kidneys, and how to slow CKD progression. As kidney function declines, patients also receive education about the symptoms of kidney failure and symptom management. Clinic nurses primarily provide the education. Information is delivered in the form of educational booklets and laminated pictures (refer to Online Appendix for further details). Patients complete modality education as an initial step to prepare for RRT. This education is administered as a one-to-one 60-to 90-minute educational session by a specialized nurse with follow-up and refresher sessions as needed. Patients are usually referred for modality education when the requirement for RRT is anticipated in 1 to 2 years. Timing of referral is up to the discretion of the individual treating nephrologist. Patients are seen by the same nephrologist at each clinic visit. There are 11 nephrologists in the clinic, but 3 nephrologists followed 59% of enrolled patients.
Study Population
Patients followed in the MCKC who could read and write in English were eligible. Patients unable to read due to significant vision impairment or with a known history of dementia or significant cognitive impairment, as documented in the chart or reported by their primary nephrologist, were excluded. Patients were recruited from August 25, 2017 , to August 28, 2018, and were enrolled following informed consent. Approval to conduct the study was obtained from the local research ethics board. The reporting of this study follows the STROBE guidelines for observational studies. 21 
CKD Knowledge Surveys and Patient Characteristics
Simultaneous measures of perceived and objective kidney disease knowledge were captured. Patients were asked to complete paper-and-pencil surveys following their routine clinic appointment. Perceived kidney disease knowledge was evaluated using a previously validated 9-item survey (PiKS), 17 where patients subjectively rated their knowledge for each item on a scale from 1 ("I don't know anything") to 4 ("I know a lot"). Objective kidney disease knowledge was evaluated using a previously validated survey (KiKS). 16 This survey normally contains 28 items, but an item that evaluates patients' knowledge about blood pressure targets was removed, given that blood pressure targets may vary depending on the individual patient's clinical history. 22 The administered objective kidney disease knowledge survey, therefore, contained 27 items. Demographics, comorbidities, and other clinical characteristics were determined by chart review or patient verbal report. Patient eGFR was determined based on the serum creatinine value taken closest to the visit and calculated using the CKD-EPI formula. 23 
Statistical Analysis
Descriptive statistics were calculated as mean and standard deviation (SD), or median and interquartile range (IQR) for continuous variables, and frequency (%) for categorical variables. Perceived kidney disease knowledge was evaluated by taking the average of a patient's ratings for each of the items on the 9-item PiKS survey. A patient was considered to have low perceived knowledge for an item if it was rated as 1 ("I don't know anything") or 2 ("I know a little amount"). This classification has been used previously. 17 Objective kidney disease knowledge was calculated as the number and percentage of correct responses on the 27-item KiKS survey. To examine the association between perceived and objective kidney disease knowledge and patient characteristics, the Kruskal-Wallis test was used for categorical variables and the Spearman rank order correlations were calculated for continuous and ordinal variables. The independent association of age, sex, educational attainment, income, systolic blood pressure, eGFR, and RRT modality education with perceived and objective kidney disease knowledge was examined using multivariable linear regression. All covariates were selected a priori and were retained in the model regardless of statistical significance. Missing values for income (16 patients declined to report income) were imputed using multiple imputation, fully conditional specification method. Logistic regression was performed to examine the association of RRT modality education with a correct response to the question regarding kidney failure treatment options on the KiKS survey and with a response of low perceived knowledge (response of 1 or 2) versus moderate-to-high perceived knowledge (a response of 3 or 4) on the PiKS survey. All statistical analyses were performed using SPSS version 25.
Results
Patient Characteristics
Of the 402 MCKC patients screened for participation in the study, 125 patients met eligibility criteria, provided informed consent, and were included in the final analysis. There was one patient who did not complete the PiKS survey and one patient who did not complete the KiKS survey. The reasons for exclusion are outlined in Figure 1 . Patient characteristics are outlined in Table 1 . The mean age was 66 years; most patients were male (57%) and most were Caucasian (88%). The most common cause of CKD was diabetes (48%), and the mean eGFR was 16 mL/min/1.73 m 2 . The median time followed in the clinic was 14 months; 68% of patients had completed modality education. Nearly all patients (98%) were aware of their CKD diagnosis.
Objective Kidney Disease Knowledge
The median (IQR) score for objective kidney disease knowledge was 19 (16, 21) out of 27 (70% correct responses). The proportion of patients who responded correctly to each of the 27 questions on the KiKS survey is detailed in Table 2 . It was found that 74% of patients correctly identified that ibuprofen should be avoided, 84% of patients correctly identified that dialysis or kidney transplant are the treatments for kidney failure, 74% of patients correctly identified what GFR stands for, 64% of patients correctly identified that the kidneys make urine, and 25% of patients correctly identified that CKD can be associated with no symptoms.
Perceived Kidney Disease Knowledge
The median (IQR) score for perceived kidney disease knowledge was 2.9 out of 4 (2.4, 3.2) ( Table 1 ). Responses to each of the 9 items on the PiKS survey are detailed in Figure 2 . The proportion of patients who responded as having low perceived knowledge for each item on the PiKS survey is detailed in Table 3 . Most of the patients had low perceived knowledge regarding medications that help or hurt the kidneys (65% and 62%, respectively). Few of the patients (16%) had low perceived knowledge about why they had been sent to see a kidney doctor. Higher perceived kidney disease knowledge was significantly but weakly correlated with higher objective kidney disease knowledge (Spearman correlation = 0.27, P = .002).
Patient Characteristics and Associations With Kidney Disease Knowledge
Patient characteristics and their association with kidney disease knowledge are detailed in Table 4 (objective knowledge linear regression analysis), Table 5 (perceived knowledge linear regression analysis), and Supplementary Table 1 (correlation analysis). Older age was significantly associated with both lower objective and perceived kidney disease knowledge, which persisted after adjustment for other factors (objective knowledge: coefficient = −0.074, P = .004; perceived knowledge: coefficient = −0.015, P = .00). Higher educational attainment was associated with higher objective knowledge in bivariate regression (coefficient = 0.714, P = .05), but this association was no longer statistically significant upon adjustment for other factors (coefficient = 0.611, P = .10). Higher income was weakly but significantly associated with higher objective knowledge (coefficient = 1.285 × 10 −5 , P = .03), but this association did not persist upon adjustment for other factors (coefficient = 8.103 × 10 −6 , P = .20). Income and educational attainment were not associated with perceived knowledge. Prior completion of RRT modality education was not associated with objective knowledge (coefficient = 1.016, Among patients who completed modality education (n = 80), missing values for date of modality education (n = 5). P = .19) but was associated with higher perceived knowledge, which persisted after adjustment for other factors (coefficient = 0.291, P = .02). Among the individuals who completed modality education, time elapsed between the modality education session and survey completion was not associated with perceived knowledge (coefficient = 0.039, R 2 = 0.04, P = .07) or objective knowledge (coefficient = 0.007, R 2 = 0.002, P = .72). With respect to knowledge about treatment options for kidney failure, prior completion of RRT modality education was not significantly associated with a correct answer to this question on the KiKS test (odds ratio = 1.18, 95% confidence interval = 0.43-3.22). In contrast, prior completion of RRT modality education was associated with higher perceived knowledge of treatment options should kidney function get worse (odds ratio = 3.28, 95% confidence interval = 1.37-7.83).
Discussion
In this cross-sectional study of 125 patients with advanced CKD followed in a multidisciplinary kidney clinic, we found that objective and perceived kidney disease knowledge were modest. This may be due to ineffective or inadequate education provided in the clinic. However, it should also be noted that patients might have limited knowledge on certain topics due to a lack of direct relevance to their care. Similar characteristics were associated with both types of knowledge. Older age was significantly associated with lower objective and perceived knowledge. Other patient characteristics, such as sex, income, and educational attainment, were not independently associated with knowledge levels. There was a weak correlation between objective and perceived kidney disease knowledge, which is consistent with prior literature and suggests that the two are distinct constructs. 17, 24 Patients' interpretation of the perceived knowledge response scale may also in part explain the weak correlation.
Our results for several questions on the PiKS and KiKS tests are similar to the studies that validated these surveys. 16, 17 The validation studies were carried out in patients with CKD stages 1 to 5 followed in general nephrology clinics in the United States and found a median perceived knowledge score of 2.6 17 and a mean objective knowledge score of 66%. 16 On the PiKS test, more than 60% of patients in our study felt that they had little to no knowledge about medications that help or hurt the kidneys; while on the KiKS test, most patients correctly identified that ibuprofen should be avoided (85%) and that medications can be prescribed to protect the kidneys (89%). These results suggest a discrepancy between patients' perception of their medication knowledge and their actual knowledge. Currently in our multidisciplinary clinic, a pharmacist performs a medication review with the patient at each visit, and teaching is provided regarding harmful medications and "sick day rules" (i.e., holding medications that could precipitate acute kidney injury during times of illness) at the initial clinic visits. Given that medication management is a critical component of CKD care, it is concerning that most patients perceived themselves to have a lack of knowledge and Note. GFR = glomerular filtration rate; CKD = chronic kidney disease. In total, 124 patients completed the survey.
suggests that better educational strategies and improved provider support are needed to improve patient confidence and self efficacy in this area. 2 Also consistent with prior results, most patients in our study felt that they have a good amount or a lot of knowledge about why they had been sent to see a kidney doctor, how kidney function is checked, and what their goal blood pressure should be. 17 In contrast to the PiKS validation study, more patients in our study perceived that they had a good amount or a lot of knowledge about foods that should be avoided if a person has low kidney function (65% vs 39%) and the functions of the kidney (68% vs 49%). In relation to dietary knowledge, most patients in our study appropriately identified on the KiKS survey the functions of the kidney that pertain to dietary recommendations (e.g., potassium and phosphate control), but other functions like bone health or the simple, seemingly obvious function of making urine were less commonly correctly identified. These results may reflect what is focused on consistently in terms of education in the clinic. A dietitian is available in every clinic and will meet with patients as needed to provide a detailed dietary review; information pamphlets on sodium, phosphate, and potassium restriction are also provided. With respect to symptoms of kidney failure, overall, patients in our study answered more items on the KiKS survey correctly compared with the prior validation study. 16 This may be explained Note. In total, 124 patients completed the survey. a Low perceived knowledge defined by a response of 1 "I don't know anything" or 2 "I know a little amount" on the PiKS survey.
by the fact that our study included patients with more advanced CKD who would be much more likely to have many of the symptoms listed on the survey.
The finding of lower knowledge scores in older patients is consistent with prior studies. 16, 17 One possible explanation for this association is cognitive impairment. We did not formally screen for cognitive impairment in our study, and this is not routinely performed in the MCKC, but it is well described that cognitive changes occur as a normal part of aging and that many age-associated diseases, such as vascular or Alzheimer's disease, can further accelerate cognitive decline. 25 We hypothesized that higher income and educational attainment would be associated with higher knowledge, and this was found for objective knowledge in bivariate analyses, but the association was no longer significant upon adjustment for other factors. This finding is consistent with the results of the objective knowledge survey (KiKS) validation study. 16 One of the primary functions of the multidisciplinary clinic is to prepare patients for RRT, which includes modality education. Prior completion of RRT modality education was not associated with higher objective knowledge, including specific knowledge regarding kidney failure treatment options. Conversely, completion of RRT modality education seemed to increase both overall and kidney failure treatment options-related perceived knowledge. This suggests that the RRT education session may make patients feel that their knowledge has increased when in fact their actual knowledge has not significantly increased. This is not to discount the importance of RRT modality education since studies have shown that targeted RRT education can increase home dialysis uptake, 6, 11, 26 but rather suggests that there is an opportunity to improve upon the education delivered in the clinic.
Using previously validated surveys, we were able to characterize 2 different types of CKD knowledge in patients with advanced CKD followed in a multidisciplinary clinic. Important knowledge gaps and patient characteristics associated with lower knowledge levels were identified, which could inform educational strategies in this patient population, with the ultimate goal of improving patient outcomes. There are, however, a number of limitations to our study. We only included patients from a single center; therefore, our results may not be generalizable to other centers where patient populations and educational strategies may differ. There were 145 patients (36% of screened patients) who declined to participate due to unspecified reasons, which may bias the results. Our cohort was primarily Caucasian and only included English-speaking patients, which also may affect generalizability. Formal cognitive testing was not performed and therefore some individuals with unknown dementia may have been enrolled. Health literacy was not formally assessed; low health literacy could affect the ability of an individual to complete the surveys. However, it should be noted that the KiKS survey was written at a sixth-grade reading level. 16 In conclusion, despite resource-intensive care, CKD knowledge of patients followed in a multidisciplinary CKD clinic was found to be modest. Whether enhanced educational strategies, such as the use of more videos, measuring knowledge routinely to identify deficiencies, or formally measuring cognition and health literacy to adjust individual patient education accordingly, can improve knowledge and whether increasing knowledge improves patient outcomes warrants further study.
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